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Abstract 
The heat transfer between the absorber and the heat pipe in evacuated-tube collector is done by a fin, typically made of an aluminum. 
During the assembly of solar installation, the position of the asymmetric fin in relation to the direction of the incident solar radiation 
is unknown. The aim of this research was to study the influence of solar vacuum tube assembly on heat loss. A pipe with the 
aluminium fin and parabolic glass mirror reflectors were selected to the analysis. The amplification factor of solar irradiance caused 
by concentrator mirror elements was determined experimentally. The impact of the fin position in relation to the direction of solar 
radiation on heat loss was assessed by numerical methods. Analyses were performed in a steady state for various external conditions 
(ambient temperature) and a variety of density solar radiation. It was discovered that the maximum difference between the preferred 
and the least advantageous variant does not exceed 2.5% of absorbed energy. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICCHMT2016. 
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1. Introduction 
The helioenergy conditions in Poland cause the fact that traditional solar thermal systems convert solar radiation 
into the low temperature heat. Therefore, they are mainly used to produce domestic hot water (DHW) [1]. This is due 
to, inter alia, the insolation and possible work time of the solar system throughout the year, which is optimal in the 
summer months [2-4]. The necessity of increasing the renewable energy share in the gross final energy production [5-
6] will demand the increase in the available resources usage.  
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Nomenclature 
AF amplification factor 
AFmax  maximum amplification factor 
D1 outer diameter of the outer vacuum tube, mm 
D2  internal diameter of the inner vacuum tube, mm 
D3  outer diameter of the inner vacuum tube, mm 
E  absorber efficiency  
G  density of solar radiation, W/m2 
IRM  solar radiation intensity reflected from mirrors, W/m2 
IR45 solar radiation intensity in plane of mirrors, W/m2 
kv  thermal conductivity of vacuum layer, W/mK 
ki  thermal conductivity of glass, copper or aluminium, W/mK  
LM  mirror length, m 
q’’abs(G) heat flux obtained on absorber, W/m2 
Qabs(G)  heat obtained on absorber, W 
Ql(G,T1,α) heat loss from pipe, W 
T1  ambient temperature, K 
WM  mirror width, m 
 
Greek 
α  rotation angle of the pipe with asymmetric fin, ° 
ρi  density of glass, copper or aluminium, kg/m3 
 
Subscripts 
abs - absorber 
M – mirror 
v – vacuum 
 
This can be accomplished through obtaining higher temperature parameters in solar systems that could be used in 
the production of electricity and industrial application [7-8]. The increase in the temperature from 373.15 K to 737.15 
K [9-10] in solar systems with no major negative effect on the efficiency may be achieved by increasing the density 
of solar radiation and/or by reducing the heat loss in the existing solutions. One potential solution is to use a solar 
energy concentrator with single or dual axis tracking systems [8, 11]. Heat losses can be reduced by using evacuated 
tube collectors with heat pipe [9, 12], and reducing the thermal resistance inside the pipe by using materials with 
higher thermal conductivity [10, 13]. 
The effect of the position of the evacuated-tube collector internal components in configuration with the parabolic 
mirror reflectors on thermal resistance between the absorber and the heat pipe evaporator was determined by numerical 
methods. The modelling was performed for various solar radiation densities and different ambient temperatures. The 
amplification factor of solar radiation was determined experimentally on the designed and constructed test stand. 
2. Experiments and modelling 
 The evacuated tube solar collectors with heat pipe (ETCHP) consist of two concentric glass tubes, between which there 
is a vacuum (Fig. 1). The inner tube from the vacuum side has a coating to increase absorbing solar energy. A copper heat 
pipe, coaxially located in the glass tube, is filled with a liquid, usually acetone or alcohol. The space between the inner 
glass tube and the heat pipe is filled with a gas e.g. air [14]. The heat transfer between the absorber and the heat pipe is 
done through a different shape of fins. The layout is separated from the air by a filter plug. 
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Fig. 1. Evacuated tube collector with heat pipe (1. filtration plug, 2. copper heat pipe, 3. gas filling (eg. air), 4. aluminum asymmetric fin, 5. outer glass 
tube, 6.  "vacuum" layer, 7. inner glass tube) 
The person installing the tube in the destination place (eg. on the roof) does not know the actual position of the fin. The 
filter plug cannot be removed from the solar tube without damaging it. Therefore, it is important to determine whether the 
position of the fin affects the amount of heat loss of energy already accumulated on the absorber to the environment. 
 In traditional types of vacuum tube collectors, only part of the circumference of the tube is exposed to sunlight. 
The increase of the solar energy effectiveness, especially when area for solar installation is limited, can be achieved by 
using a system of tracking solar system with parabolic mirror reflectors. In systems with parabolic mirror reflector the 
entire surface of the solar pipe functions as a solar energy absorber. Part of the absorber is exposed to the beam radiation 
(90 ° Fig. 2) and part to the reflected radiation (270° Fig. 2).  
 
Fig. 2. Beam and reflected sun light absorbed by solar tubes: 1 – Evacuated tube collector heat pipe; 2 – glass mirror concentrator; 
 3 – beam radiation; 4 – reflected radiation 
 ETCHP produced by Energosol Company was selected for the study. Its details are presented in Tab. 1. 
Table 1. Characteristics of the solar heat pipe [15, 16]. 
Parameter Unit Ident Value 
Length of vacuum tubes mm L 1800 
Outer diameter of the outer vacuum tube mm D1 58 
Internal diameter of the inner vacuum tube mm D2 47 
Outer diameter of the inner vacuum tube mm D3 51.4 
Outer diameter of the heat pipe mm  8 
Thickness of the fin mm  0.3 
Efficiency of the absorber - E 94% 
Maximum absorber emission -  7% 
Glass mirrors, produced by EL FRAN Company from Nowy Targ (Poland) according to the unique design, were tested. 
320   Piotr Olczak and Małgorzata Olek /  Procedia Engineering  157 ( 2016 )  317 – 324 
The width, length and weight of mirrors were 0.4 m, 1.6 m, 6.4 kg respectively. Mirrors were installed on the mobile 
aluminium frame, with the possibility to adjust the position from 0 ° to 90 ° according to the ground level. The intensity 
of the solar radiation was measured by pyranometer's Eppley set towards the mirrors, and by Label instrument's verifying 
the direct solar irradiance in the plane of mirrors. The measurement data was collected online every 1 sec. In the study, the 
collector’s tilt in relation to the ground level was 45 °. This angle was chosen in order to eliminate the effect of shading the 
pyranometer by itself. Measuring station was located near Brzesko (latitude: 50.01 °N, longitude: 20.69 °E). 
 
Fig. 3. The measuring station: 1 - LABEL’s instrument, 2 – pyranometer, 3 – glass mirrors. 
The experiments took over 1 hour. This corresponds to a 15 degree sun way (an hour angle). The time was determined 
during the first measurement. The amplification factor achieved after about 40 minutes was low and its values were 
irrelevant to the research. The ratio of solar radiation reflected from the mirrors (IRM) to radiation intensity in the plane of 
mirrors (IR45) was determined as an amplification factor:  
45
max IR
IR
AF M           (1) 
 
Figure 4 shows an example of change in AF for the measurements made on 25/10/2014 from 12:50 to 1:40 p.m. and the 
momentary intensity of solar radiation on collectors surface.  
 
 
Fig. 4. The amplification factor  (••••••••) and the intensity of solar radiation on  collectors surface (••••••••) versus solar time 
The maximum AF, could be designated as the ratio of the difference between the mirror width (WM) and the pipe width 
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(D1)  to the absorber width (D3) [17]. 
3
1
max D
DW
AF M
                     (2) 
AFmax possible to obtain with perfect efficiency: reflection and implementation of the mirrors and the ideal tracking 
system of the Sun is 6.65. AF value selected from the obtained results to the further calculations was 75% of AFmax. Basing 
on AF and G equal to 5 and 1000 W/m2 respectively, the distribution of heat flux density on the inner tube circumference 
(with the applied absorber) was obtained [18] (Fig. 5). Taking into account the efficiency of the absorber the collector 
power was determined. It was adopted as a boundary condition for the simulation model. The study omitted the influence 
of the outer tube glass transmissivity on the results. 
 
Fig. 5. The distribution of the density heat flux on solar heat pipe (G = 1000 W/m2, AF = 5) 
A model of geometric heat pipe tube was made with the use of Design Modeler Ansys basing on the manufacturer's 
data (Tab. 1) and the measured elements of the tube (glass thickness, fin thickness, the outer diameter of the heat pipe, the 
distance between the inner glass tube and the heat pipe). The finite element grid was prepared with the Ansys Meshing. 
The generated computational mesh of ETCHP model is shown in Fig. 6. The number of mesh elements (237,478 cells) 
was resulted from large differences (several orders of magnitude (Tab.1)) between a very thin aluminium fin, and the layer 
of air. The mesh type was tetrahedron for gas layers and hexahedron for solid layers. The mesh quality was described by: 
Aspect Ratio: max 24, skewness: average 0.25. It has been checked that the increase of mesh elements does not 
substantially influence the obtained results (FPM). 
 
Fig. 6. Computational grid in Ansys MESH; 1. heat pipe, 2. “air” layer, 3. aluminum fin, 4. outer glass tube, 
 7.  "vacuum" layer, 6. inner glass tube 
The material properties adopted in the simulation are shown in Tab. 2. For the layer "air" the density was calculated 
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according to the Boussinesq approximation with an initial value of 1.225 kg/m3 and a thermal expansion coefficient was 
0.003 1/K. The gravitational acceleration for tilting 45 ° and a laminar air flow model were adopted in the simulation. 
Additionally, S2S (Surface to Surface) model for radiant heat was used [19].  
Table 2. Material properties [21-22]. 
Layer Material ρi ,(kg/m3) ki, (W/mK) 
Outer and inner tube Glass 2230 1.2 
Heat pipe Copper 8978 387.6 
Fin Aluminium 2719 202.4 
Different amounts of external heat loss, determined by various conditions, were obtained during the study. 
Ambient temperature, density solar radiation, angle of rotation of the solar pipe distinguishing the position of the fin 
adopted in the simulation are shown in Tab. 3. For the rotation angle of 270 ° conductive elements (fins) are turned towards 
the mirrors, and for α = 90 ° fins are turned towards the Sun. 
Table 3 Simulation options 
G,  (W/m2) D (°) T1  (K) 
700 90 273.15 
850 180 283.15 
1000 270 293.15 
Thickness and thermal conductivity of a vacuum layer has a significant influence on the amount of heat losses to 
the environment energy already accumulated on an absorber [12, 22]. The thermal conductivity is dependent on pressure, 
which ranges from 0.005 to 0.1 Pa [23-24], so kv, can vary from 0.001 to 0.0025 W/mK. The model assumes kv-value was 
0.0012 W/mK. The coefficient of heat transfer from the surface of the outer tube to the environment was 10 W/m2  K, the 
heat transfer coefficient for the heat pipe including the refrigerant boiling acetone and for the temperature of 329.45 K was 
1000 W/m2 K [25-27]. The absorption of solar radiation defined in model by User Defined Function (UDF).  
3. Results and discussion 
The most effective solution for heat transport in specified conditions was obtained for the rotation angle of 270 ° 
(Fig. 7b). The least favorable choice was the rotation angle of 90 ° (Fig. 7a). In this case the fin is set towards the Sun, 
which leads to the higher temperature in the pipe. In the case of the direction opposite to the Sun, the temperature 
more than 480 K was observed. The reason for this is the longer way of heat from the absorber to the heat pipe with 
similar heat resistance.  
 
Fig. 7. Temperature distribution on transverse section of pipe for G = 1000 W/m2, T1 = 273.15 K a) D = 90 °, b) D = 270 ° 
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The constant values of G and T1 and various value of D was assumed for each calculated heat losses (Tab. 3). The 
results obtained for the various combination of heat loss are presented in the form of relative differences in comparison 
with the best option (D = 270 °). This value of heat loss relative differences (FPM) is determined by: 
(G) Q
T1,270°)(G, Q
- 
(G) Q
) T1,(G, Q
=) T1,FPM(G,
abs
l
abs
l DD       (3) 
In a system with mirrors unfavorable angle of rotation of the pipe with a fin can cause the loss of about 2.4% of the 
energy already absorbed. Heat losses to a small extent are dependent on the ambient temperature (Fig. 8b) and the 
intensity of the radiation (Fig. 8a).  
 
Fig. 8. Comparison of the heat loss as the difference in percentage points (FPM) according to option D = 270 ° a) various intensity radiation at 
293.15 K; b) various ambient temperature at G = 1000 W/m2 
4. Conclusions 
Concentrated solar power with parabolic trough allows obtaining a higher operating temperature so they can be 
used in systems other than DHW production. The paper presents experimentally determined amplification factor (AF) 
of solar radiation. In the case of the intensity of solar radiation greater than 700 W/m2 AF varies from 4 to 6 was 
obtained. This value was used to test the influence of the position of the fin in the heat pipe system with parabolic 
trough mirrors on the heat loss to the environment. The results for the ambient temperature from 273.15 K to 293.15 
K and density of solar radiation from 700 to 1000 W/m2 has shown that, depending on the position of the fin, the heat 
loss from the pipe is not more than 2.5%. 
In order to increase the efficiency of the system by minimizing heat loss, marking the position of the fin on the 
outer tube, or the use of transparent filter plug is suggested. 
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